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Intrusions of the Panxi region, China, and their magmatic ore depositsThe intrusions of the Panzhihua-Xichang (Panxi) region in
southwest China have become well known in the past decade
because they host large and rich magmatic oxide deposits that
are mined for Fe, Ti and V. These intrusions form part of the
Emeishan large igneous province (ELIP), which is commonly
believed to be the product of melting in a mantle plume. The
ELIP was emplaced about 260 Ma ago, at the same time as the
end-Guadalupian mass extinction. The investigation of the Panxi
intrusions therefore provides information relevant to three broad
areas of the earth sciences: (1) the petrogenesis of maﬁc magmas,
(2) the impact of major magmatic events and global climate and
the biosphere, (3) the formation of magmatic ore deposits. All
three themes are treated in this special volume of Geoscience
Frontiers.
An introduction to the ELIP and its ore deposits is provided by
the ﬁrst paper, by Mei-Fu Zhou and co-authors (Zhou et al., 2013),
who describe the general geological and tectonic context of the re-
gion and the characteristics of the three major FeeTieV oxide ore
deposits. They also provide new information about two smaller de-
posits and point out that these deposits are located some 120 km
from the major deposits, which signiﬁcantly extends the area
over which this type of deposit is known. They then use the results
of their own investigations of all the major deposits, in combination
with information from other published studies, to develop a two-
stage model for the development of the magmas and the ores. In
the ﬁrst stage, a ferropicritic magma undergoes fractional crystalli-
zation, then segregates into two immiscible liquids, one maﬁc and
the other felsic. The ﬁrst magma solidiﬁes to form the maﬁc intru-
sions and the latter forms the spatially associated syenitic intru-
sions. In the second stage, an immiscible oxide liquid separates
from the maﬁc liquid and accumulates to form the ore deposits.
Huan Dong and co-authors (Dong et al., 2013) provide a detailed
description of Xinjie, one of the major ore-bearing intrusions. They
use a combination of ﬁeld, petrography, mineral compositions and
bulk-rock geochemical data to redeﬁne the structure and internal
differentiation of the intrusion and they develop a model for itsPeer-review under responsibility of China University of Geosciences (Beijing)
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liquid as an important part in the ore-forming process.
The third paper, by Kwan-Nang Pang and co-authors (Pang
et al., 2013), focuses on the texturally distinctive gabbros in the
Nalaqing mine at the southern tip of the Panzhihua intrusion.
These rocks have ﬁne-grained isotropic and pegmatitic textures
unlike those of the layered gabbros that make up the bulk of
the intrusion. Using mineral compositions and bulk-rock major,
trace and isotopic data, they interpret these rocks as a quench
zone that records the input of more primitive magma into the
Panzhihua magma chamber.
Two papers by Clément Ganino and co-authors (Ganino et al.,
2013a, b) focus on the carbonate rocks in the contact aureole at
the margin of the Panzhihua intrusion. In the ﬁrst paper, the au-
thors use a combination of ﬁeld and petrographic observations,
and major and trace element data, to demonstrate that parts of
the aureole were sufﬁciently hot that the carbonate wall rocks un-
derwent partial melting while other portions maintained far lower
temperatures. Their explanation for the wide variation is that tem-
peratures within the aureole were inﬂuenced not only by conduc-
tion of heat from the main intrusion, but also from multiple maﬁc
dykes in the aureole and the circulation of hydrothermal ﬂuids. In
the second paper, O and C isotope data provide evidence that the
Panzhihua intrusion assimilated large amounts of carbonate wall
rock, a process that probably contributed to the formation of the
FeeTieV oxide deposits.
Geoffrey Howarth and Stephen Prevec (Howarth and Prevec,
2013) develop an alternative model for the same ores. They focus
on the process that promotes the early crystallization of iron oxides,
a process that is essential if this phase is to accumulate efﬁciently to
form the ore deposits. By applying the PELE program to several
possible parental magma compositions, they show that the
observed crystallization sequence is best modeled using a parent
magma with a composition like that of high-Ti Emeishan picrites.
To explain the early crystallization of FeeTi oxides, they call on
the inﬂux of water-rich ﬂuid.
Finally Arnaud Pêcher and co-authors (Pêcher et al., 2013) report
the results of a detailed structural study of the Panzhihua intrusion
and its contact aureole. In their interpretation, the intrusion has a
moderately discordant central portion that separates two concor-
dant peripheral portions. The ore deposits, rather than being
dispersed along the ﬂoor of a sill, are in some cases perched along
the sloping margin of the discordant portion of the intrusion. To
explain the formation of the ores they propose that the assimilation
of carbonate wall rocks was a key factor.eking University. Production and hosting by Elsevier B.V. All rights reserved.
Editorial / Geoscience Frontiers 4 (2013) 479e480480This brief summary reveals strongly diverging interpretations
on some aspects of the emplacement of the Panzhihua intrusion
and on the formation of its ore deposits. These are:
1) The geometry and form of the intrusion is interpreted in two
very different ways. In all earlier publications, and in the major-
ity of papers in the special volume, the Panzhihua intrusion is
described as a sill that differentiated upwards from basal maﬁc
cumulates to upper more felsic rocks. In this interpretation,
the general northeast trend of the intrusion was strongly inﬂu-
enced by a series of sinistral north-south faults. The ore bodies
are distributed along the ﬂoor of the sill. In Pêcher et al.’s inter-
pretation, the central part of the intrusion is discordant and
aligned in a northeasterly direction. Acceptance of the latter
interpretation will require dramatic revision of several aspects
of how the intrusion differentiated and how the ore deposits
formed. These issues can in principle be resolved by further
detailed structural mapping, particularly along the crucial cen-
tral portion of the intrusion.
2) The physical state of the oxide minerals in the ore deposits is
also subject to alternative points of view. Here Mei-Fu Zhou
and co-authors propose the more radical interpretation when
they suggest that the oxides separated not as crystals but as
an immiscible oxide liquid. The textural, petrological and ther-
modynamic arguments in support of, or in contradiction with,
this interpretation are outlined in several papers in the volume
and will no doubt continue to be investigated in forthcoming
research.
3) The ore-forming mechanism, or more exactly, the process that
promoted the early crystallization of FeeTi oxides, is also a sub-
ject of debate. It is generally agreed that an inﬂux of ﬂuid
enhanced the stability of this mineral; the disagreement stems
from the nature of the ﬂuid. Howarth and Prevec call on the
late introduction of hydrous ﬂuid whereas Ganino and co-
authors prefer the assimilation of, and interaction with, CO2-
rich ﬂuids from the carbonates that form the wall rocks of the
intrusion. Further light on this issue will be provided by more
petrological, structural and geochemical studies coupled with
simulations of the crystallization sequence in the presence of
different types of ﬂuids.
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